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用 STM-TERS 以及电化学制备的 Au 针尖，同时获得了该单层自组装膜的 TERS 光谱
图和分子水平分辨率的 STM 形貌图。结合两者的信息，推断每个质子与两个平躺的
4,4’-联吡啶分子的 N 孤对头尾相接形成有序的自组装单层膜。系统研究了一系列不
同长度的 OPE 分子在 Au(111)上的 TERS，发现该类分子可以提供强度极高并且稳定
的 TERS 信号；提出一种计算单晶电极上非共振分子的 TERS 增强因子的方法，针对
一些常用的体系，获得了高达 106～107 的增强因子。 
4. 结合 3D-FDTD 计算与 TERS 实验，通过改变激光偏振、针尖-基底距离，系统地
研究了 TERS 的电磁场增强机理。发现当针尖抵达隧道区后，即使每缩小 1～2 Å 的
距离，即显著提高 TERS 信号，获得高达 108 增强因子；综合考虑因分子存在导致的
微小距离变化后，我们可以获得与理论一致的 TERS 衰减曲线，解决了文献中实验和
理论数据存在的矛盾。  
5. 利用混合自组装的方法，将单个 MGITC 分子插入硫醇模板的空穴中，形成了单个



























Tip-enhanced Raman spectroscopy (TERS), that combines Raman spectroscopy and 
scanning probe microscopy (SPM), is one of the most important nano-optical techniques. It 
makes use of the near-field enhancement effect of a nano-metallic tip. TERS has unique 
advantages compared with conventional Raman spectroscopic and near-field microscopic 
techniques. It enables the correlation of topographic (SPM) and fingerprinting information 
(Raman spectra) from a same sample region with a single-molecule sensitivity and an 
ultra-high spatial resolution up to several nanometers. Since its discovery in 2000, TERS 
has found wide applications and shown great potential in surface sciences, nanomaterials 
and biological systems.  
However, in the beginning of this thesis, there were still no commercially available TERS 
instruments. Even up to now, the commercialization process of TERS instruments is still 
hindered owing to lack of a method for reproducibly fabricating high-quality TER-active 
AFM tips. It results in the fact that most of the excellent works reported up to now were 
from the few groups who have a good experience in developing of instruments and 
preparation of TERS-activity tips. Therefore, there is still plenty room for further 
developing TERS in both instrumentation and application systems.  
The present thesis is focused on development of TERS instruments and expanding the 
TERS application in surface science, nano-optics and molecular electronics.  
 
The main results and conclusions of the thesis are listed as follows:  
(1) We have designed and setup a multi-functional TERS instrument suitable for studying 
multi-dimensional systems varying from single molecules, to nano-materials and to cells. 
We modified the electronic circuit of a commercial STM system to allow a simultaneous 
control of the tip-sample distance and monitoring of the current flowing through the tip. 
Such a function makes the instrument high suitable for studying the TERS mechanism and 
molecular electronic systems.  
(2) There are still few methods capable of characterization of the molecular junctions 
during the electron transport process. Here, we developed a “fishing-mode” TERS 















single-molecule Raman to be acquired simultaneously under ambient conditions. 
Single-molecule conductance can be measured by fishing-mode STM with a high 
efficiency. The Raman information of single-molecule junctions with ON and OFF states 
can be detected by fishing-mode TERS. They reveal a significant spectral change in 
4,4’-bipyridine(44bipy)–gold junctions in the ON and OFF states. The splitting of the 
degenerated peaks occurs right in the non-linear region of the current-bias (I/V) curve. 
Cluster–model based density functional theory (DFT) was used to qualitatively simulate 
TERS spectra in the ON and OFF state. It was found that the drain ring of the 44bipy 
molecule interacts with the tip much more strongly than the source ring interacts with the 
substrate. It results in the deformation of the drain ring, which leads to splitting of the 
originally degenerate ν8a C-C stretching vibrational modes. FM-TERS turns out to be 
highly efficient in acquiring both the electronic and vibrational information of a 
single-molecule junction during the electron transport process and can be effectively 
employed to study the molecular electronic devices and molecular electronics, which will 
help understand the electron transport process in the molecule and its effect on the 
molecular structure of the junction. 
(3) 44bipy can form an order monolayer on Au(111) under acidic conditions. On the 
basis of the homebuilt STM-TERS instrument and the electrochemically etched Au tip, we 
simultaneous obtained tip-enhanced Raman signals and STM images with a molecular 
resolution from the self-assembled 44bipy monolayer. Correlating the STM image and 
with the TERS spectra, we conclude that the 44bipy molecules lie flat on the surface with 
proton acting as the bridge between two head-to-tail 44bipy molecules, showing the order 
structure. High-quality TERS signals have been obtained for a series of molecules of 
oligo(phenylene ethynylene)s (OPEs) of different lengths adsorbed on a Au(111) surface. A 
simple method was proposed to calculate the tip enhancement for the nonresonant surface 
species in TERS, and the TERS enhancement factor was about 106~107. 
(4) Systematic studies of the electromagnetic enhancement mechanism of TERS were 
performed by combining the 3D-FDTD calculations and TERS experiments. We studied 
the dependence of tip-enhanced Raman spectra on the tip-sample distance and the 
polarization of the laser light. A minor decrease (1~2 Å) of the tip-sample distance will 
significantly increase the TERS signal and the TERS enhancement factor can be as high as 
108. After taking the distance change in the presence of molecules into account, we 
obtained a distance dependent TERS curve agreeing well with the FDTD calculation result. 
















 (5) We used a mix self-assemble method for preparation of single captive MGITC 
molecules on a template formed by thiol molecules on Au (111) surface. This method made 
it possible to obtain single MGITC molecule images by STM and the Raman spectra by 
TERS. The TERS sensitivity was further significantly increased by reducing the bias value 
and therefore the tip-sample distance. This method allows us to obtain the Raman spectra 
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